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Germination characteristics of Mountain Celery

Aciphylla glacialis (F. Muell.) Benth. (Apiaceae)
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Abstract
The germination characteristics of Mountain Celery Aciphylla glacialis (Apiaceae) were investigated. This

species failed to germinate in conditions that nine other alpine species from the same region found favour-

able. Seeds were collected from eight mountain peaks in the Victorian alpine zone. These peaks formed an
altitudinal gradient of 302 m. The seeds were subjected to a cold-wet stratification treatment in an attempt

to overcome what appeared to be seed dormancy. After approximately 15 weeks of the cold-wet stratifica-

tion treatment, A. glacialis seeds began to germinate. Germination rates were fastest among seeds from the

mid to high altitude sites, which also had the greatest percentage of seeds to germinate. Mt Speculation

(1668 m) and Mt Bogong (1970 m) had the lowest percentage of germination from seeds collected in 2004.

Among seeds collected in 2005, the lowest values were from Mt Bogong. Comparing seed collected in 2004
and 2005, there was no significant difference between final per cent germination from any site. There were
no significant relationships between altitude and germination characteristics. There were several significant

differences in the probability of seed germination between sites. However, there was no overall trend in the

probability of seed germination between high and low altitude sites. The role of seed dormancy mechanisms in

relation to the alpine environment is discussed and the role of altitudinal gradients in relation to seed germina-

tion in this species is speculated upon. (The Victorian Naturalist 126 (1), 2009, 4-12)

Keywords: seed germination, dormancy, altitudinal gradient, alpine, cold stratification

Introduction

Seedgerminationy dormancy and environment

Seed germination and seedling emergence

under natural conditions often are highly sea-

sonal (Baskin and Baskin 1988). In alpine areas,

where the changes in ground level temperatures

are predictable due to the timing of snowmelt,

temperature can provide a reliable seasonal

germination cue for seeds located at or near the

soil surface. Previously, it was found that nine

species from the Victorian alpine zone had high

rates of germination (Venn 2007), as do many
species in alpine areas from the northern hemi-

sphere (Amen 1966; Bliss 1971). Optimum
temperatures for seed germination among
alpine species worldwide are often above 20°C

(Amen 1966; Bell and Bliss 1980; Schiitz 2002).

Many seeds also germinate opportunistically

whenever suitable ambient conditions are

present (Bell and Bliss 1980; Korner 1999).

Seed dormancy is therefore considered rare in

these ecosystems (Amen 1966; Bliss 1971) and

germination immediately following snowmelt,

coinciding with abundant soil moisture and

warmer ambient temperatures, is very common
(Bliss 1962; Billings and Mooney 1968; Korner

1999).

Cold-wet stratification, as experienced over

winter in an alpine landscape, may be required

to break seed dormancy in the few alpine

species that use such internal physiological

mechanisms to restrain germination (Baskin

and Baskin 1988; Probert 1992). This stratifica-

tion may also be responsible for the timing of

seedling emergence in these species. Addition-

ally, photoperiodism affects the seeds of many
alpine species, ensuring that growth does not

commence in periods which, by evolutionary

experience’ would be fatal for an emerging

seedling (Korner 1999). Hence, there are vari-

ous strategies to ensure that germination occurs

in spring or early summer when conditions are

most favourable for the survival of seedlings in

the alpine zone.

Relationships between germination syn-

drome, habitat and geographical distribution

have been difficult to ascertain (Baskin and

Baskin 1988), even at the species level (Meyer et

al 1990), as germination characteristics can, in

part, be a function of life-history traits (Baskin

and Baskin 1971; Grime et al. 1981; Washitani

and Masuda 1990). However, if the aspects of

life-history, habitat and distribution are rela-
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tively similar, different adaptations to environ-

mental factors within species can be discerned

more clearly (Meyer et al 1990), as natural

selection should favour seed germination pat-

terns that promote seedling establishment

(Cavieres and Arroyo 2000). Germination char-

acteristics, therefore, are expected to vary pre-

dictably across an altitudinal and environmental

gradient. Evidence suggests that seed viability

and seedling vigour may decrease within a spe-

cies as altitude increases, due to environmental

constraints such as short growing seasons, low
temperatures and harsh conditions at high alti-

tudes (Amen 1966; Billings and Mooney 1968).

Therefore, germination strategies may be partly

a function of life-history traits and partly due to

habitat characteristics.

Characteristics of the Aciphylla

This study investigated the germination be-

haviour of a locally common, but regionally

rare, alpine forb that grows in alpine areas in

Victoria and New South Wales. TTie focal spe-

cies is the Mountain Celery Aciphylla glacialis

(E Muell.) Benth. (Apiaceae) (Fig 1 see back
cover). It is one of only three Aciphylla species

found in Australia, all of which are restricted to

alpine and sub-alpine regions. A. simplicifolia is

uncommon in Victoria and mostly restricted to

the high alpine areas ofNew South Wales (Cos-

tin et al 2000), and the Tasmanian endemic A.

procumbens is restricted to bolster heath, heath

and alpine sedge-land (Kirkpatrick 1997), The
other 40 species of this genus are found in New
Zealand, where they occur over a wide range

of habitats from lowland grasslands to alpine

areas (Raven 1973).

Aciphylla is a dioecious, obligate out-crossing

genus dependent on pollinators for fertilisa-

tion. It is, therefore, likely to experience some
competition both within and between species

for the few pollinators that are active at high

altitudes (Inoiiye and Pyke 1988; Pickering

2000). The sex-ratio of populations ofA. glacia-

lis is male biased, with an overall ratio of female

to male plants of 1:1.5. Males can also produce

four times more flowers than females (Pickering

2000). However, there is generally no change in

the number of flowers with altitude for both

male and female plants among the same sized

populations (Pickering and Hill 2002). The pro-

portion of biomass that females allocate to re-

production in A. simplicifolia can be 80% more
than males based on the average weight of the

inflorescences (Pickering and Arthur 2003) and

nearly all female flowers produce fruit.

The great investment in reproduction by

female Aciphylla plants is assumed to decrease

their longevity and restrict their growth, es-

pecially at higher alpine sites where the con-

ditions for the accumulation of biomass are

limited. The costs associated with female func-

tion at high altitudes, therefore, could result in

females flowering less frequently (Pickering

and Arthur 2003), producing fewer seeds and
possibly producing non-viable seeds. At lower

altitudes, environmental conditions are more
favourable (longer snow-free period, warmer
temperatures), which could result in an equal

flowering ratio between males and females, as

well as greater seed production and viability.

Phenotypic differences in relation to environ-

mental effects also are common in this genus,

making A. glacialis a good model species for

investigating the differences in germination

across an altitudinal gradient. There are few, if

any, published studies dealing with germina-

tion for -any Aciphylla species in Australia.

Research focus

This research examines three questions: Can
seed dormancy of A. glacialis be overcome by
cold-wet stratification? Which dormancy syn-

drome does the behaviour of A. glacialis exhib-

it? Does the altitude of seed origin or the year

of seed collection influence the germination

characteristics?

Methods
Seed collection and study sites

Seeds from A. glacialis (Fig. 1 see back cover)

populations were collected during 2004, be-

tween January and March, from seven alpine

peaks in Victoria, and again from three of the

peaks in 2005. Seed was kept in dry, dark, stable

conditions until the germination trials began in

mid 2005. The peaks represent a gradient of 302
m in altitude from Mt Speculation (1668 m) to

Hooker Plateau (1970 m) on Mt Bogong. All

sites are within 40 km of each other, with most
less than 10 km apart (Table 1).

Mean annual rainfall of this region is relatively

high compared to adjacent lowland areas, over
1800 mm (LCC 1982), with much of this pre-

cipitation falling as snow during winter. Aver-
age air temperatures follow seasonal variations
with typical daily minimums and maximums of
2"’C and 27°C in summer, and -6°C and 12°C in
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Table 1. The seven study site locations and altitude.

Study site Location Altitude (m asl)

Mt Speculation 37°07:301S 146°38’40”E 1668

King Billy (2) 37n245i^ 146°36T5”E 1696

Mt Magdala 37n5l30”S 146°37T5”E 1725

Mt Howitt 37°10:30”S 146°38’50”E 1738

Mt Buller (West Knob) 37°08;45”S 145°26T5”E 1762

Mt Hotham 36°58:35”S 147°07’30”E 1860

Mt Bogong (Hooker Plateau) 36°4427”S 147°17T5”E 1970

winter (Bureau of Meteorology 2007 unpubl.).

Frosts are frequent and can occur at any time

of year (Williams 1987). The growing season

spans approximately seven months, from snow-

melt (usually the end of September) until late

April, when the first substantial snowfalls of the

winter begin. All sites are classed as ‘Steep Al-

pine Mountains’ after Costin (1957), are above

the natural tree line and are dominated by tall

alpine herbfield vegetation. The lower peaks also

contain species typical of adjoining sub-alpine

woodland (Costin 1957). Soils in this region are

considered alpine humus and are acidic (pH 4

to 5) (Costin 1962; LCC 1982).

Germination trial

Filled and viable seeds were selected by visu-

ally assessing each seed using a light box and

by gently squeezing each seed. A. glacialis seeds

did not germinate under conditions that nine

other alpine species {Brachyscome rigidula,

Brachyscome spathulata, Leucochrysum albicans

albicans, Microseris sp. 2, Olearia phlogopappa

var. subrepanda, Xerochrysum subundulatum,

Luzula acutifolia, Trisetum spicatum and Ry-

tidosperma nudiflora) found favourable (cool

treatment: 12/10°Cwith 14/10 hours day length

and warm treatment: 20/10°C with 12/12 hours

day length). Thus, in this experiment, Aciphylla

seeds were pre-treated with cold-wet stratifica-

tion. Twenty replicates of ten seeds from each

site were arranged in petri dishes on a bed of

moist cotton wool with an anti-fungal treatment

(10 ml of Mancozeb solution). Petri dishes were

sealed with Parafilm to prevent moisture loss

and kept at 2°C in the dark. Seeds were exposed

to daylight for a few minutes whilst they were

being monitored for germination, every two to

three weeks. Petri dishes were monitored every

one to two weeks after the first germination of

seeds occurred. The experiment was terminated

at 205 days when germination rates across sites

had stabilised and incidences of fungal attack

had become more frequent. The final values

of germination were adjusted to represent per

cent germination of the viable seeds present,

i.e. those that had not succumbed to fungus

attack.

Data analysis

Mean seed mass was compared across the sites

of seed origin with a factorial ANOVA and

Bonferroni post-hoc tests. Final per cent ger-

mination was expressed as a percentage of vi-

able seeds that germinated during the course of

the trial. Germination rate (Tso) was measured

as the time in days taken to reach 50% of final

germination. The final per cent germination of

seeds was compared between sites using ANO-
VA and Bonferroni post-hoc tests.

The shape of each species’ per cent germi-

nation curve was compared by modelling the

germination curves as a probability of germi-

nation, using the Kaplan-Meier (K-M) product

limit estimation function (Kaplan and Meier

1958; Lee 1992; Gimenez-Benavides et al 2005)

and comparing those models. This method

gives a mean probability of germination at

every sampling time and allows whole curves

to be compared across sites within each species,

rather than only at the sampling times as with

more conventional statistics. The K-M product

limit estimation function uses germination data

from every seed, in the form. of elapsed time

(days) to germination (right censored data)

and also data for seeds that did not germinate

(non-censored data) (Gimenez-Benavides et al

2005). The values in the probability ofgermina-

tion curves are then constructed by subtracting

the K-M values (0 to 0.9) from 1. Comparisons

of paired germination probability curves across

sites were then tested by non-parametric Log-

rank tests, which provide a Mantel’s x" statistic

and P-value.

Linear regression, and in some cases Pearson/

Spearman rank correlations, were performed
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across populations between combinations of fi-

nal per cent germination, lag-time, germination

speed, altitude of seed origin and seed mass.

SYSTAT version 10 (Copyright SPSS Inc.,

2000) was used for all statistical analyses.

Results

Germination characteristics

Seeds from all elevations collected in 2004
and 2005 showed some germination under the

experimental conditions (Fig. 2). The final mean
per cent germination ranged from 39 to 95% for

seeds collected in 2004, and 30 to 95% for seeds

collected in 2005 respectively Seeds from Mt
Hotham had the highest final mean per cent

germination in both years (95.5 ± 1.53). Com-

parisons of seeds collected in 2004 revealed

that those from Mt Bogong and Mt Speculation

(the highest and lowest sites respectively) had
significantly lower final mean per cent germi-

nation (P<0.05) than seeds from other sites

(Fig. 3). Of the seeds collected in 2005, those

from Mt Bogong also had significantly lower

mean final per cent germination (P<0.05) than

the other sites (Fig. 3). Final per cent germina-

tion of seeds from Mt Bogong, Mt Hotham and
Mt Buller showed no significant differences be-

tween years (P>0.05). Linear regression showed
there was no significant relationship between
mean final per cent germination and altitude.

The time until the first germination for all

sites was approximately 15 weeks from the start

0 50 100 150 200

Time (days)

Fig. 2. Mean per cent germination (±1 standard error) of Aciphylla glacialis seed collected from the seven
alpine sites in (a) 2004 and (b) 2005, over the duration of the experiment (days).
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2004 2005

Year

Fig. 3. Mean final per cent germination (±1 standard error) of Aciphylla glacialis seed collected in 2004 and
2005 from different elevations (m). Different labels (a-d) above columns signify the Bonferroni significant
differences within each year.

of the experiment; the exact date fell between
observation periods. Germination rate {T50 )

varied across the altitudinal gradient (Table 2).

However, there was no significant relationship

between T50 and the altitude of seed origin. T50

did, however, show a strong relationship with

final per cent germination (R^ = 0.81, P < 0.001)

indicating that fast germination rates correlate

with high final germination numbers. Linear

regression showed that there was no significant

relationship between T
50

and altitude of seed

origin (P>0.05).

The mean probability of germination over

time (Fig. 4) indicates there are few trends

with altitude of seed origin; however, there are

several significant differences between curves

of different sites (Table 3). Of the 23 pairwise

comparisons of germination probability by site

over both years, nine showed that the higher

altitude site of the pair had a greater overall

probability of germination during the course

of the experiment. Eleven showed that a lower

site had a high germination probability. Hence,

there were no overall trends in seed germina-
tion probability with altitude of seed origin.

Between years, the probability of germina-

tion was significantly different for Mt Bogong,

Mt Hotham and Mt Buller. Seeds collected in

2004 from Mt Bogong and Mt Hotham were
more likely to germinate than seed collected in

2005 (Mantel’s = 16.264, P < 0.001; Mantel’s

= 34.267, P < 0.001 respectively). In contrast,

seeds from Mt Buller collected in 2005 had a

higher probability of germination than those

from 2004 (Mantel’s X"
= 34.025; P < 0.001).

Discussion

General interpretation ofresults
Aciphylla glacialis seeds did not germinate un-

der the laboratory conditions that seeds from
nine co-occurring alpine species found favour-

able (Venn 2007). This indicates that A. glacialis

seeds may experience innate primary seed dor-

mancy In the current study seed dormancy was
broken by wet-cold stratification, which repre-

sents a natural dormancy breaking mechanism
(Probert 1992) and implies that this species is a

strict spring germinator. Furthermore, the few
observations of A. glacialis seedlings emerging
in the field are restricted to spring and early

summer (Venn 2007).

The length of time for A. glacialis seeds from
all populations to germinate was around 15

weeks, during which conditions were kept at a

constant 2°C. This length of time roughly cor-

relates with the length of a typical Victorian

winter, taking into account inter-annual varia-

bility in snowfall (Hennessey et al 2003). Seed

dormancy and the timing of seed germination

in A. glacialis under natural conditions, there-

fore, may be a result of evolutionary experience

in this species growing in the Victorian alpine

zone.

In this study, considerable variation in ger-

mination characteristics between populations

from different altitudes was observed. However,

final mean per cent germination showed no sig-

nificant trends with altitude, nor did seed ger-

mination probability. Therefore, germination in

this species is likely to be a function of inherited

seed traits (Grime et al. 1981; Washitani and
Masuda 1990) and does not show strong adap-
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Table 2. Germination rate (Tso) of Aciphylla glacialis seeds from seven sites, at various altitudes.

Site of seed origin Altitude (m) Year of collection Tso (days)

Mt Bogong 1970 2004 157

Mt Hotham 1860 2004 70

Mt Buller 1762 2004 96

Mt Howitt 1738 2004 122

Mt Magdala 1725 2004 131

King Billy 1696 2004 70

Mt Speculation 1668 2004 205

Mt Bogong 1970 2005 205

Mt Hotham 1860 2005 122

Mt Buller 1762 2005 70

03
-Q
O

1.0

0.8 i

0.6

0.4

0.2

a) 2004

-©• •
• Kilt Bogong (1970 m)

-G- Mt Hcrtham (I860 m)

X Mt Buller(1762 m)

-#— Mt Hounttt (1738 m)

MtMagdala (1726 m)

-M— King Bitly (1696 m)

-— Mt Speed ation (1668 m)

0

1.0
1

0.8 -

0.6

0.4

0.2

b) 2005

...f-

-I

.m- ff-
-$

$

50 100 150 200

Time (days)

Fig. 4. Mean probability of germination (±1 standard error) of Aciphylla glacialis seed collected from the

seven alpine sites in (a) 2004 and (b) 2005 based on Kaplan-Meier models over the duration of the experiment
(days).
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Table 3. Pairwise comparisons of the probability of Aciphylla glacialis seed germination between sites, based

on the probability of germination curves, explained by Mantel’s from seed collected in 2004 and 2005. Sig-

nificant differences are indicated by an asterisk(s). denotes P <0.001, ** denotes P <0.01, ^ denotes P <0.05

Overall greater probability of germination between each pair is indicated in brackets with greater than (>)

symbol between site names. Site name abbreviations are as follows: BO, Mt Bogong (1970 m); HO, Mt Hotham

(1860 m); BU, Mt Buffer (1762 m); HW, Mt Howitt (1738 m); MA, Mt Magdala (1725 m); KB. King Billy (1696

Year/Site

2004 HO BU HW MA KB SP

BO 153.986^’^’^

(HO>BO)
30.323^^=^

(BU>BO)

52.243’^^’^

(HW>BO)
53.297***

(MA>BO)
80.893***

(KB>BO)

4.540***

(BO>SP)

HO 33.978*'^*

(HO>BU)
28.733***

(HO>HW)
35.362***

(HO>MA)
7.264**

(HO>KB)
164.768***

(HO>SP)

BU 0.838 0.685 10.988***

(KB>BU)

50.047***

(BU>SP)

HW 0.201 5.811*

(KB>HW)
67.260***

(HW>SP)

MA 6.203*

(KB>MA)
70.067***

(MA>SP)

2005 HO BU

BO 160.512*^^

(HO>BO)
195.719'^*’^

(BU>BO)

HO 41.276^^=^

(BU>HO)

tations to the changes in environmental factors

found across sites. A. glacialis seeds also appear

to act independently of ambient conditions,

thus the timing of germination may be reliant

on seed dormancy alone. This restrictive ger-

mination pattern may protect A. glacialis seeds

from the hazards of early germination (Meyer

et al 1990), especially if snow melts unusu-

ally early, leaving plants ‘out in the cold when

overnight spring frosts are common (Bannister

et al 2005). The high rates of germination in

this study, 70-90%, are within the range of al-

pine species from around the world (Sayers and

Ward 1966; Bell and Bliss 1980; Mariko et al

1993; Korner 1999).

High final mean per cent germination was

significantly related to fast germination rates.

Such inherently fast germination rates follow-

ing snowmelt may be important during the

early phases of seedling growth (Sayers and

Ward 1966). This ensures that seedlings estab-

lish during periods of favourable weather and

ample soil moisture and, therefore, species ca-

pable of rapid germination have an early-season

survival advantage.

The variation in germination characteristics

between years from Mt Bogong, Mt Hotham

and Mt Buffer were statistically undetectable.

Hence, the 2005 seeds followed the same pat-

terns in per cent germination as those from

2004. Seeds from Mt Hotham showed the high-

est final germination of all sites in both years.

Such consistency between years is unusual for

alpine species, as slight increases in tempera-

tures during the seed maturation period can

lead to improved seed germination potential

(Korner 1999). The timing of snowfall, snow-

melt and ambient temperatures were not par-

ticularly unusual compared to the long-term

trends in either 2004 or 2005 and, therefore, the

similarities in germination may be a result of

the predictable environmental conditions that

prevail at these sites.

Dormancy mechanisms

Dormancy makes intuitive sense in a landscape

where winters are cold and severe. Billings and

10
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Mooney (1968) suggest that the protective layer

of snow over winter may serve to insulate seeds

sufficiently; hence, they need never fully evolve

specific seed dormancy syndromes. Hence,

most alpine species lack a seed dormancy
mechanism and the elapsed year or more be-

tween seed production and germination is an

environmentally imposed cue (Amen 1966).

However, non-dormant species may germinate

in mid-winter if the snow melts unexpectedly,

and therefore experience high mortality rates

(Amen 1966).

Innate seed dormancy is most frequently im-

posed by seed coat inhibition among alpine spe-

cies (Amen 1966; Urbanska and Schiitz 1986).

This mechanism can spread germination over

an extended period and thereby encompass

several periods of favourable growth. Thus,

germination of some innately-dormant spe-

cies may occur intermittently over many years,

even if growing season conditions are favour-

able for seedling emergence (Mark 1965; Bill-

ings and Mooney 1968). Seed coat inhibition

can be broken by scarification of seeds. Under

natural conditions, abrasion of buried seeds

by frost heave or strong winds at the soil sur-

face, blowing seeds over rocky substrates, may
induce the required scarification (Amen 1966;

Billings and Mooney 1968). In future studies,

deliberate scarification of A. glacialis seeds, in

combination with a chilling treatment, could

confirm whether seed coat inhibition occurs in

this species.

Cold stratification and cold-wet stratification

are techniques used to break seed dormancy of

many species from cold climates (Amen 1966;

Sayers and Ward 1966; Cavieres and Arroyo

2000). In this experiment, the length of the

cold-wet stratification period required for ger-

mination was around 15 weeks. However, other

studies clearly show that seeds originating

from high elevations require longer stratifica-

tion periods (Billings and Mooney 1968; Dome
1981; Cavieres and Arroyo 2000). Cavieres and
Arroyo (2000) showed that Phacelia secunda

seed from 1600 m needed only one month of

cold stratification, whereas seed from 3400 m
needed three months. This pattern may not be

apparent in A. glacialis seeds as the altitudinal

distribution of this species is relatively small

and/or adaptations to annual changes in the

snow season length across the altitudinal gradi-

ent may be minimal or undetectable.

Altitudinal gradients

A relationship between germination charac-

teristics and the altitude of seed origin was not

found in this study, possibly because the altitu-

dinal differences between sites which support

A. glacialis populations was small. Elsewhere,

the variation in germination characteristics be-

tween populations across environmental gradi-

ents is common, especially amongst species that

respond to variation in habitat. For example, the

shrub Artemisia tridentata, which grows across

a wide environmental range in North America

from desert to montane sites, showed strong

habitat related differences in seed germination

patterns (Meyer et al 1990). Thompson (1973)

compared the germination requirements for

Silene vulgaris across a wide geographical range

and found that the temperature range for seed

germination was broad across several habitats.

However, within a habitat, germination charac-

teristics between populations were remarkably

similar (Thompson 1973). Some researchers

have suggested that the highest per cent ger-

mination and shortest germination rate may
come from seeds which originate from the

highest elevations, when compared to seed of

the same species from lower elevations (Ma-

riko et al. 1993; Holm 1994; Vera 1997). Vera

(1997) showed Calluna vulgaris seeds that ger-

minated in the high mountains in Spain also

had the highest survival rate as seedlings at

the highest altitudes. Large seeds at the high-

est altitudes also may have the highest survival

rates as seedlings (Holm 1994). No significant

relationship between A. glacialis seed mass and
altitude has been found (Venn 2007), nor has

there been any suggestion of significant differ-

ences between seed mass from high altitude or

low altitude sites. Seed germination rates were

significantly lower at Mt Bogong and Mt Specu-

lation when compared to the other sites. Hence,

A. glacialis may be near its upper and lower dis-

tributional limits at these sites. Pickering and
Arthur (2003) speculated that the growth and
fecundity of female A. simplicifolia plants may
be limited at higher altitudes due to the high

maternal investments made during seed pro-

duction, in combination with stressful environ-

mental conditions. However, no general trends

between altitude and final per cent germination

or germination probability for A. glacialis seeds

were found in this study. Therefore, any limita-

tions that the female plants may be experienc-
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ing across the altitudinal gradient do not appear
to be causing reduced seed germination.

Conclusions

In laboratory experiments, A. glacialis seeds
showed germination responses typical of seeds
with an innate primary dormancy syndrome.
This is an effective way to ensure that spring

germination is cued at the end of the winter

snow season in an alpine landscape. Final per
cent germination was high, up to 95%, and no
differences in germination were found in seeds
collected in different years. Fast germination
rates were significantly related to high final per
cent germination. These germination charac-

teristics of A. glacialis did not show significant

trends across the altitudinal gradient of sites

within the Victorian alpine zone.
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Re-discovery of Smoky Mouse Pseudomysfumeus near

Native Dog Flat, Alpine National Park, Victoria

JC Edwards

PO Box 69, Bruthen, Victoria 3885

Abstract
Following the 1996 trapping of a single Smoky Mouse Pseudomys fumeus beside the upper reaches of the

Buchan River near Native Dog Flat in the Alpine National Park, a number of attempts to record the species

at the site in recent years have been unsuccessful. In November 2006, three individual Smoky Mouse were

trapped in the immediate vicinity of the 1996 site. The discovery that the species still persists at the site is

significant as Smoky Mouse populations are small and fragmented and there is evidence of population fluc-

tuations and apparent local extinctions. Apart from the Grampians this is the first record of Smoky Mouse
from Victoria for four years. This article describes the history ofSmoky Mouse trapping and searches at Native

Dog Flat and details methods and results of the successful trapping session in November 2006. {The Victorian

Naturalist 126 (1), 2009, 13-17)

Keywords: Smoky Mouse, Pseudomysfumeus^ Alpine National Park, Cobberas, alpine areas

Introduction

The Smoky Mouse is a small native rodent

about two to three times the size of the intro-

duced House Mouse Mus musculus (Fig. 1). Its

fur is pale smoky grey above and whitish below.

The tail is long, narrow, flexible and densely

furred. The tail colour is white to pale pinkish

grey underneath with a narrow dark strip along

its upper surface. The ears and feet are flesh col-

oured with sparse white hairs (Menkhorst and

Broome 2006 in prep.).

The Smoky Mouse is listed as Endangered at

the national level under the Commonwealth
Environment Protection and Biodiversity Con-

servation Act 1999. In Victoria it is listed as

Threatened under the Flora and Fauna Guar-

antee Act 1998 and is listed as Endangered on

Schedule 1, Part 1, of the Threatened Species

Conservation Act 1995.

The Smoky Mouse is endemic to mainland

south-eastern Australia, with capture sites

ranging from near sea level to at least 1800 m
altitude. Within this range, populations are

fragmented and generally low in number, but

can fluctuate in size. There is also evidence of

apparent local extinctions. The Smoky Mouse
is an enigmatic species about which little is

known. There is no data on which to base

population estimates or to estimate trends, but

some studied populations have clearly declined

(Menkhorst and Broome 2006 in prep.).

The precise habitat requirements of the Smoky
Mouse are far from clear. They occupy a wide

range of vegetation communities, from damp

Vol 126 (1)2009

coastal heath in East Gippsland, to sub-alpine

heath. A characteristic of Smoky Mouse com-
munities is their ephemeral nature, with numer-

ous examples of unsuccessful attempts to locate

the species at sites where it has been found only

a few months previously (Menkhorst 2003).

History

Initial record 1 996
In November 1996 a single Smoky Mouse was
captured during a survey conducted in asso-

ciation with the Friends of the Cobberas. This

individual was captured in an Elliott trap on
the first and only trap night on a rock outcrop

beside the Buchan River just downstream of

Native Dog Flat. The location was recorded as

AMG 968 147 on Map 8542 (using AGD66 da-

tum).

Post-fire trapping 2004
Post hre trapping of historic Smoky Mouse sites

in the Cobberas area (Edwards and Martin,

2004) was conducted during the period 17-21

March 2004, under funding from the Depart-

ment of Sustainability and Environment and
Parks Victoria, Fire Recovery Project.

Clean washed Elliott traps (Type A) were used.

Grass and leaves were inserted into each trap

for warmth and they were baited with a mixture
of peanut butter, rolled oats and honey.

During this survey 50 Elliott traps (150 trap

nights) were set along a 200 m transect extend-
ing from the south-east end of Native Dog Flat,
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Fig.l. Smoky Mouse Pseudomys fumeus. Left: photo by Gippsland High Country Tours. Right; photo by
J Macdonald.

along the slope on the east bank of the Buchan
River and concluding at the rock outcrop above
the Buchan River Gorge. The latter end of

the trapline encompassed the site of the 1996

Smoky Mouse capture.

No Smoky Mouse were trapped, with the only

capture being a juvenile male Agile Antechinus

Antechinus agilis.

Hair tubing2005

In a later attempt to establish whether Smoky
Mouse was present at the historic site at Na-
tive Dog Flat, the author conducted hair tubing

at the site in December 2005 (Edwards 2005).

Hair tubing was carried out around the rock

outcrops including and surrounding the origi-

nal Smoky Mouse capture site from November
1996. No Smoky Mouse hairs were collected on
hair tube tapes.

Hair tubes were made from sections of PVC
piping 300-350 mm long, with an internal di-

ameter of55 mm. At each end the pipe had been
heated and depressed in a V, reducing the inter-

nal vertical diameter to approximately 40mm.
The pipe was placed so the V was in the roof’,

thus increasing the chances of the tape over

the V contacting the top of the animals neck

and back on entry. Double-sided adhesive tape

24 mm wide was placed around the inside of

each end of the pipe. Bait (balls of peanut but-

ter, rolled oats and honey) was secured in a

metal tea infuser which was held in place by a

metal peg through a central hole and the handle

of the tea infuser, which also held the pipe into

the ground. Prior to use, each hair tube and tea

infuser was thoroughly cleaned.

The Hair Tube transect commenced at 55H
596305N 5914815E (Datum = AGD66) and 20

hair tubes were placed around various parts of

the rock outcrop concluding at 55H 596895N
5914762E. Hair tubes were set on the afternoon

of 12 December 2005 and were left in place for

five nights. They were collected on 17 Decem-
ber, when each was examined on site and tapes

removed. Weather conditions during the week
were generally warm and mainly fine.

Seven of the 20 hair tubes had hairs adher-

ing to tape at one or both ends and were sent

to Barbara Triggs (Genoa) for analysis. Six had
hairs of a Brushtail possum Trichosurus sp. and
one had a single hair that was most likely from
a cat Felis catus or fox Vulpes vulpes.

Methods for 2006 trapping

Site description

The trapping site was situated within a Special

Protection Zone near Native Dog Flat in the

East Alps Unit of the Alpine National Park, and
encompassed the site of the 1996 Smoky Mouse
capture. It was located around rock outcrops on

the east bank of the Buchan River just before

the stream enters steep gorge country.

No part of the site was burnt during the Al-

pine Fire in 2003. Some sections of the site on
the slope east of the Buchan River were burnt

during a fuel reduction burn in April 2001.

Rock outcrops provide good shelter for small

mammals, with some stumps and fallen logs

providing further protection (Edwards and

Martin 2004). Elevation is 1170-1185 m.
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The rock outcrops did not appear to have been

burnt in the April 2001 fuel reduction burn and

were immediately surrounded by largely un-

burnt, open Eucalyptus pauciflora woodland.

The understorey comprised Hovea sp., Leuco-

pogon hookeriy Leucopogon gelidus, Monotoca

scoparia, Ozothamnus secundiflorus, Bossiaea

foliosa, Tasmannia xerophila, Olearia megalo-

phylla, Gaultheria appressa, Daviesia ulicifoUuy

Coprosma hirtella, Derwentia derwentiana, Der-

wentiaperfoliatay Persoonia chamaepeuce, Polys-

tichum proliferum, Asplenium flabellifoliuniy Poa

sieberiana var. cyanophylla, Poa morrisii, Stel-

laria pungens, Celmisia sp., Goodenia hederacea,

Craspedia aurantica and Stylidium sp. One large

shrub of Podocarpus lawrencei (3 m high) was

amongst the rocks, while two smaller plants

of P lawrencei were found growing out of rock

crevices, with more large specimens beside the

river below.

The nearby slopes upstream of the rock out-

crops on the east bank of the river supported an

open E. pauciflora woodland (much of which

was burnt in April 2001), on a rocky substrate

with a regenerating understorey of Oxylobium

sp., Lomandra longifolia, Bossiaea foliosa, Poa

sieberiana var. cyanophylla, Poa morrisii, Dav-

iesia ulicifolia, Persoonia chamaepeuce, Derwen-

tia derwentiana, Derwentia perfoliata, Podolepis

robusta, Leucopogon sp., Polyscias sambucifolia,

Hakea microcarpa, Olearia erubescens and O.

myrsinoides.

Trapping

In November 2006, 25 Elliott traps (Type

A) were set around various parts of the rock

outcrop in a transect between 55H 5969 19N
5914821E (Datum = AGD66) and 55H 596906N
5914746E. Trap placement was biased along-

side rocks where crevices provided protection.

A very small number of trap sites showed traces

of runways beneath the vegetation against the

rocks. Average distance between traps was 7 m.

This transect incorporated the trapping site of

the 1996 historic record, part of the 2004 trap-

ping effort and the hair tube transect from De-

cember 2005. Traps were left in place for three

nights (75 trap nights).

Clean washed traps were used, each baited

with peanut butter, rolled oats and honey plus

a freshly broken walnut, with Dacron placed

in the trap for warmth. Each trap was inserted

into a plastic cover to offer further protection

from cold and rain.

Traps were checked and cleared early after

sunrise, with captured animals processed and

released at the point of capture. As the Smoky
Mouse has been recorded to be entirely noctur-

nal (L Broome 2006 pers. comm. 6 November)

traps were closed at the morning checking. This

avoided the by-catch of non-target species dur-

ing daylight hours. Traps were opened again just

prior to sunset each evening.

Results of 2006 trapping

Overnight temperatures dropped from 13.6“C

on the first night to 6.7°C and 3.3°C on subse-

quent nights. Days were fine and sunny reach-

ing a maximum of 25.9"C at the trap site.

There were four Smoky Mouse captures (three

individual animals and one re-trap) and one

Bush Rat Rattus fuscipes (Table 1). The same
trap resulted in three of the Smoky Mouse cap-

tures; the fourth was in a trap set adjacent to the

successful trap.

Captured Smoky Mouse were weighed and

sexed with notes made on reproductive con-

dition. A tail measurement was taken from

the first animal captured only. A small snip of

guard hairs was cut on the rump of each animal

as a non-permanent mark and used to identify

recaptures during the trapping session.

On the first night, a female Smoky Mouse
(tail length 110 mm) was captured. She was
not lactating, but her rotund appearance indi-

cated that she was probably pregnant. On the

second night, the same trap captured an adult

male. Due to an old injury, his tail was scarred

and shortened. For the last night, an additional

two traps were placed adjacent to the success-

ful trap. The female was re-trapped in the same
trap as before, while one of the additional traps

captured a different male with a complete tail.

Both males had longer hair than the female.

Trapping success rate for Smoky Mouse was
5.3%, with total mammal trapping results giv-

ing a trapping success rate of 6.6%.

Each male trapped exceeded the weight given

for Smoky Mouse in the east of Victoria by 1

1

grams (Menkhorst and Knight 2001).

In common with other known Smoky Mouse
locations, there was a strong presence of plants

from the families Epacridaceae and Fabaceae
(Table 2). On this visit, developing fruits/seeds

were observed on the Hovea sp. and Monotoca
scoparia.
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Table 1 : Summary of trapping results November 2006
(75 trap nights).

Species Trap Sex Weight

Rattusfuscipes 1 Male
(sub-adult)

-

Pseudomysfumeus 23 Female
(pregnant?)

46 g

Pseudomysfumeus 23 Male
(mature adult)

57 g

Pseudomysfumeus 23 Female
Re-trap

Re-trap

Pseudomysfumeus 24 Male
(mature adult)

57 g

Discussion

The re-discovery of Smoky Mouse at Native

Dog Flat is very significant, being the first

record at this site for ten years. Apart from the

Grampians it is the first record from Victoria for

four years (P Menkhorst 2006 pers. comm. 11

December). The last successful Smoky Mouse
trapping in the Alpine National Park was near

Mt Howitt in 2002, when nine individuals were
captured (P Kambouris 2007 pers. comm. 11

April).

TTie capture of Smoky Mouse at this site after

a ten-year interval is a rare example of site per-

sistence by this species. Failure to detect the

species during two survey efforts in the inter-

vening years means there is no way of knowing

whether Smoky Mouse have had a continued

presence at this site over the ten-year period or

returned after a period of absence.

All the captured animals were caught in the

one trap (or an additional trap placed adjacent

to it), despite the presence of the next trap in

the transect only two metres away. This sug-

gests that these animals had a very specific nest

area and move only on specific runways or that

this trap was at the furthest extent of their home
range. The successful trap site on this occasion

was approximately 15 m beyond the end of the

previous survey transects.

In 2007 the author commenced a three year

project studying the population dynamics of

the Native Dog Flat Smoky Mouse colony and
conducting searches of nearby areas in an at-

tempt to locate further colonies.
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Table 2, Description of successful Smoky Mouse trap locations (Traps 23 and 24).

Description

Elevation

Aspect

Rock cover

Log cover

Fire history

Sheltered, vegetated ledge on a rock outcrop above the Buchan River Gorge.

1170 m (map) or 1185 m (GPS)

SSW facing rock on a west facing slope.

70-80% (mostly sheet rock)

0 (over 30 cm diameter)

Not burnt in either 2001 or 2003.

Plant species within

10m radius of traps

Dominant Species: Hovea sp., Leucopogon hookeri, Leucopogon gelidus,

Ozothamnus secundiflorus, Olearia megalophylla, Polystichum proliferum,

Asplenium flabelUfolium, Poa sieheriana var. cyanophylla, Poa morrisii.

Other species : Eucalyptus pauciflora, Monotoca scoparia, Gaultheria appressa,

Daviesia ulicifolia, Derwentia perfoliata, Celmisia sp., Stellaria pungens,

Goodenia hederacea

Additional plant species

within 20 m radius of traps

Bossiaea foliosa, Tasmannia xerophila, Coprosma hirtella,

Podocarpus lawrencei, Stylidium sp., Derwentia derwentiana,

Persoonia chamaepeuce, Craspedia aurantica

conducted under the conditions of Research Permit

No 10002788 issued under the Wildlife and National

Parks Acts.
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One Hundred Years Ago
EXCURSION TO MELTON

To our surprise nearly all the paddocks we usually crossed were under crop, which, together with

numerous barbed-wire fences, somewhat retarded our progress. Here Restless and Brown Flycatchers,

Brown Tree-creepers, Pied Grallinas, Pipits, Acanthizaa, Wood-Swallows, and other birds arrested our

attention. At Mr. Raleighs farm we found Mr. Billinghurst awaiting us, and we soon made a start for the

mallee scrub, passing on our way through a patch of ideal country for birds, but few were seen.

We anticipated finding many species nesting, but young \Vhitebrowed Pomatorhinus among the

saplings, and some Pardalotes inspecting their burrows conveyed the impression that either the birds

were breeding late or perhaps may not breed at all this season. Whilst enjoying our lunch the note of the

Harmonious Thrush was heard, and in response to our call he came and hopped about the bushes and

branches overhead, calling and whistling whilst we mimicked him. Next a brood ofyoung Hooded Robins

indulging in their first flight was observed. Yellow-faced and Yellow-tufted Honey-eaters were numerous.

A Sacred Kingfisher, apparently disturbed from its nest, perched near us. But a surprise was awaiting us.

On skirting the outside ofsome dense scrub, a Black-eared Cuckoo, Misocalius palliolatusy Lath., was seen

hopping about a small dry tree. It was shot, and proved to be a female. In its oviduct was an egg complete

all but the shell, and there were a number of other large yolks. The inference to be drawn from this is that,

although it is usual to find only one cuckoo-egg in the nest of the foster-parent, the same cuckoo may lay in

a number of different nests. ... Nice specimens of the fern Grammitis rutifolia were found growing in some
rock crevices, and a specimen of the little yellow butterfly, Terias smilaxy was observed. Early in the day a

few specimens of the orchid Pterostylis mutica were found not far from the station, but just past their best.

Though in better condition than on the occasion of our visit twelve months before, the country was still

suffering from the succession of dry seasons, which probably accounts for the scarcity of birds, &c.—G. A.

KEARTLAND.

The Victorian Naturalist XXV. p. 141, January 1909
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Spider family richness and habitat complexity

Jian DL Yen

52 Brushy Park Road, Wonga Park, Victoria 3115

Abstract
A survey of spiders was conducted at a location in the Yarra Valley over 8 days to assess the relationship

between habitat structure and spider family richness. Four different habitat types were sampled: slightly dis-

turbed grazed pasture, disturbed grazed pasture, open dry forest and dense dry forest. Six different trapping

methods were used. Spider families were richer in the more complex forest sites, and less rich in the less com-
plex pasture habitats. When broken down into groups based on hunting strategy, fewer groups were found in

the pasture sites, while more hunting strategy groups were present in the forest sites. Non web-building and
ground-hunting spiders dominated the pasture sites. These groups were present in the forest sites, but web-
building spiders were also found. This is attributed to the more complex vegetation, which provides greater

habitat opportunities. The results support the hypothesis that spider family richness is related to habitat struc-

ture. {The Victorian Naturalist 126 (1) 2009, 18-22)
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Introduction

Spiders are adapted to many varied habitats,

and show a wide variety of hunting strategies

for these differing environments. Brunet (1994)

identifies four general groups of hunting strat-

egies: open-range hunters, ambushers/anglers,

apprentice weavers and master weavers. Open-
range hunters actively pursue prey, and do not

rely on snares to capture prey. Ambushers and

anglers use many different techniques, includ-

ing casting nets, hiding and using pheromones

to attract particular insects. Apprentice weav-

ers use permanent silk webs to snare prey, and

generally weave sheet webs, lattice webs and

unrefined wheel webs. In contrast, the master

weavers only weave wheel webs, of which there

are many kinds. These spiders erect temporary

webs, and can therefore move to take advantage

of plentiful food supplies.

Regardless of hunting strategy, all spiders

have certain habitat requirements; if these are

unfulfilled, habitats become unsuitable. Envi-

ronments with a wide diversity of plant species

and greater structural complexity are likely to

fulfil the habitat requirements of more species

of spiders than an environment with less plant

diversity and less structural complexity.

The aim of this study was to examine the rela-

tionship, ifone exists, between habitat structure

and spider family richness. It would be expected

that a more complex habitat structure would

house a greater number of spider families. This

study was undertaken by the author as a Year 10

school project.
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Methods
Study sites

Sampling took place at four sites located in

Wonga Park, Victoria. Each site was divided into

three separate 10 m by 10 m quadrats, and all

four sites were located within a 300 m by 200 m
area. Habitat structure varied between the four

sites.

Tire lightly grazed paddock site had been

grazed by horses until three months prior

to the study, and had medium-length, thick

grass of an introduced pasture species. Horse

dung was scattered around the site, as well as

some blackberries Rubus fruticosus. The heav-

ily grazed paddock site was grazed by horses at

the time of study, and had very short grass, of

the same species as the lightly grazed paddock

site. Horse dung was present in small clumps

throughout the site.

Dry forest site 1 was an open woodland/for-

est, containing many trees, mainly Eucalyptus

and Acacia species. Litter and debris were abun-

dant, predominately bark and leaves from the

larger trees. Dry forest site 2 was similar to dry

forest site 1 in regards to plant species, but was

much denser and received less sunlight due to

the presence of a dense Leptospermum under-

storey. Some grasses and sedges were present,

the main proportion being a species of Gahnia.

Trapping methods

A total of six trapping methods were used;

however, only three methods were used at all

sites. The other three methods were not suitable
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for either of the grazed sites due to the absence

of trees and the difficulty in collecting litter.

Sampling was undertaken between 17 and 24

March, 2002.

Pitfall trapping was used at all sites, and con-

sisted of plastic cups 60 mm in diameter, ap-

proximately half-filled with 70% ethanol. The

traps were left out for eight days. Sweeping

was done at all sites, using a butterfly net. One

sweep was taken per step, with twenty steps

taken per quadrat. Beating trays were used at

both forest sites. Three trees from each quad-

rat were sampled using a beating tray A bark

search was undertaken at both forest sites. Two
trees were sampled in each quadrat. A Rietter

sieve was used to sieve the litter at both forest

sites. In each quadrat, a 1 m by 1 m square was

sieved. A direct search was undertaken at all

sites. This was a general search of each quadrat,

a method used mainly to collect orb-weaving

spiders.

Sorting and Identification

Spiders were identified to family using keys and

pictures in Brunet (1994; 1996), Child (1965),

Clyne (1969), Davies (1986), Main (1964), Mas-

cord (1970; 1978), Shield (2001) and Walker

and Milledge (1992).

Results

A total of 666 spider specimens were found

across the four sites, belonging to 18 different

families. Six different spider families were col-

lected in the paddock sites, as opposed to 17 in

the forest sites (Table 1). Spider family richness

was shown to be greater in the forest sites (Fig.

1)

; however, the forest sites did not necessarily

have a greater abundance of individuals (Fig.

2)

. When broken down into four groups based

on hunting strategy, both forest sites had repre-

sentatives from ail four groups, while the grazed

paddock sites were dominated by families from

the open-range hunter group and the ambusher/

angler group (Fig. 3). The two grazed sites had

no specimens from the apprentice weaver group,

and only one specimen from the master weaver

group.

Discussion

The results of this study provide strong evi-

dence of a link between spider family richness

and habitat complexity. At the grazed sites, the

only vegetation was an introduced species of

pasture grass, whereas the vegetation in the for-

est sites was much more complex. More families

of spiders were present in the forest sites than in

the grazed sites (Fig. 1). More spider families

were present in the lightly grazed paddock site

than in the heavily grazed paddock site (Fig. 1).

While both sites were dominated by the same

species of grass, the lightly grazed paddock site

had much longer grass, providing a more com-

plex habitat. This also reinforces the hypothesis

that spider family richness is directly related to

habitat structure and complexity.

The results suggest that the heavily grazed

paddock site may have had more individual

specimens than dry forest site 2, and almost

as many as dry forest site 1 (Fig. 2). However,

the majority of these specimens were immature

members of the Lycosidae family, and due to

the large standard error, this is not conclusive.

The large number of lycosids sampled would

suggest that a less complex environment can

still be highly productive for specialist groups.

When grouped according to hunting strategy,

the results again support the hypothesis that

increased habitat complexity increases spider

family richness. Members of all hunting strategy

groups were sampled in the forest sites, while

the paddock sites were dominated by open-

range hunters. Only two of the families sam-

pled in the paddock sites did not belong in the

open-range hunter category. Thomisids were

collected, as well as one tetragnathid. Thom-

isidae spiders belong in the ambusher/angler

category, and are not uncommon in open grass

sites (Brunet 1994). They are spiders of vegeta-

tion and leaf litter, but are also found in grass.

Spiders from the Tetragnathidae family were

not expected in the paddock sites, as these are

web-building spiders. The specimen found was

a jawed spider, Jawed spiders are usually found

on vegetation above or around water; this may
have been a chance occurrence, or it is possible

that the spider lived in the slightly longer grass

neighbouring the site (Brunet 1994). In the for-

est sites, the presence of overstorey and under-

storey vegetation facilitates web-building, leaf-

curling and snaring. As such, the four major

hunting strategy groups are all accommodated,

and the results show that this is the case.

An important feature of spiders is their func-

tional significance. Spiders are the top inverte-

brate predators, and as such they are potential

indicators of invertebrate diversity. Greater

spider family richness would suggest a greater
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Table 1 . Number of individuals and total number of spider families from each site.

Family Lightly Grazed Heavily Grazed D17 Forest Dry Forest

Paddock Site Paddock Site Site 1 Site 2

Open Range Hunters

Lycosidae 21 188 17 21

Salticidae 5 2 25 16

Zoridae 2 0 0 0

Oxyopidae 25 3 4 2

Lamponidae 0 0 3 1

Clubionidae 0 0 32 34

Dysderidae 0 0 1 2

Pisauridae 0 0 3 0

Zodariidae 0 0 2 0

Gnaphosidae 0 0 34 6

0Corinnidae 0 0 2

Ambusher/Anglers
Thomisidae 28 3 43 1

5

Apprentice Weavers

Dictynidae 0 0 1 u

3Linyphiidae 0 0 15

Theridiidac 0 0 10 24

Nicodamidae 0 0 3 0

Master Weavers

Araneidae 0 0 b 43

Tetragnathidae 1 0 1 13

Unknown 0 1 2 0

Total no. of families 6 4 17 12

Site

Fig. 1. Mean and standard error of the number of families per 1 00 m^ quadrat.
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Site

Fig. 2. Mean and standard error of the number of individuals per 100 quadrat.

Lightly Grazed Heavily Grazed Dry Forest Dry Forest

Paddock Site Paddock Site Site 1 Site 2

Site

Fig. 3. Mean and standard error of the number of individuals per lOOm^ quadrat, grouped according to hunt-

ing strategy ( 1 = open range hunter, 2 = ambusher/angler, 3 = apprentice weaver, 4 = master weaver).
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diversity of food sources, which, in this case,

would be lower level invertebrates. Spider fam-
ily richness was shown to increase with increas-
ing habitat complexity, therefore it is possible to

suggest that more complex habitats may house
a greater diversity of lower level invertebrates.

The results suggest a link between habitat

complexity and spider family richness, sug-
gesting spider family richness increases with
increasing habitat complexity No link can be
found relating habitat complexity and spider
abundance. Hunting strategy groups were bet-

ter represented in more complex sites, suggest-
ing that more complex sites facilitate a more
diverse range of hunting strategies for spiders.

Finally, while this study dealt only with spiders,

the functional significance of spiders means
that these results can potentially apply to other
invertebrate groups. This would suggest that

increasing habitat diversity and structural com-
plexity relates to increasing invertebrate taxon
richness.

Acknowledgements
I would like to acknowledge Alan Yen for confirm-
ing spider identifications. I also wish to thank Pam
Heather for assistance with fieldwork.

References
Brunet B ( 1 994) The Silken Web: A Natural History ofAustral-

ian Spiders. (Reed Books: Chatswood, NSW)
Brunet B (1996) Spiderwatch. (Reed Books Australia: Mel-
bourne)

Child J (1965) Australian Spiders. (Periwinke Press: Glades-
ville)

Clyne D (1969) A Guide to Australian Spiders. (Tliomas Nel-
son (Australia) Ltd: Melbourne)

Davies VT ( 1 986) Australian Spiders (Araneae). (Queensland
Museum: Brisbane)

Main BY (1964) Spiders of Australia. (Jacaranda Press: Bris-
bane)

Mascord R (1970) Australian Spiders in Colour. (A.H. & A.W.
Reed Pty Ltd: Sydney)

Mascord R (1978) Spiders in Australia. (A.H. & A.W. Reed
Pty Ltd.: Sydney)

Shield JM (2001) Spiders ofBendigo. (Bendigo Field Natural-
ists Club: Bendigo)

Walker KL and Milledge GA (1992) Spiders Commonly Found
in Melbourne and Surrounding Regions. (Royal Society of
Victoria: Melbourne)

Received 27 March 2008; accepted 3 July 2008

The Victorian Naturalist Archive

The first stage of a complete digital archive of The Victorian Naturalist is now available for
purchase on a single DVD. Stage One of the Archive comprises the first 70 volumes of the
FNCV s journal, covering the period January 1884 to April 1954.

The Archive is in PDF form and is completely
searchable, using an Adobe® Reader. This

program is included on the DVD, but can also

be freely downloaded from the Internet.

The cost of this invaluable resource is

—

The Victorian Naturalist
Archive

FNCV Members: $50.00

Non-members: $75.00

Institutions: $100.00

Vbl. I {.lamiary IKX4)- \bl. 70(.\pfil 1954)

In each case, postage and packaging costs

($3.00 within Australia; $10.00 overseas)

should be added.

Copies of The Victorian Naturalist archive

DVD can be obtained through the FNCV
office.

FiCM \aiurjii%(K Cluh Viitoru ^7

22 The Victorian Naturalist



Contribution

Densities of coastal birds on a semi-remote coastline

in south central Victoria
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Abstract
A one-ofF 18 km transect running from Kilcunda to Cape Patterson in south central Victoria was surveyed

for coastal birds. This stretch of high-energy coastline has relatively few visitor access points. Eleven species of

coastal birds were recorded using the coastline, ranging from the common Silver Gull Larus novaehollandiae

through to species of conservation concern such as the Hooded Plover Thinornis rubricollis and Sooty Oyster-

catcher Haematopus fuliginosus. The density of Hooded Plovers was 0.89 birds/km and compares favourably

with reported mean densities from other parts of mainland south-east Australia. This survey provides baseline

density data for coastal birds for a relatively pristine stretch of coastline that is subject to development propos-

als such as water desalination plants and wind farms. {The Victorian Naturalist 126 (1), 2009, 23-26)

Keywords: Hooded Plover, monitoring, coastal development

Introduction

The varied coastline of Victoria provides habi-

tat for a wide array of coastal bird species (Emi-

son et al 1987; LCC 1993). Because coastlines

traditionally have been focal sites for industrial

and residential development and recreational

activities, many birds relying on these habitats

have been disadvantaged. While a few species

have remained relatively unaffected (e.g. Sil-

ver Gull Larus novaehollandiae), many, such

as beach-nesting shorebirds, are experiencing

declines along more densely settled portions

of the coast (e.g. Marchant and Higgins 1993;

Watkins 1993).

The Hooded Plover Thinornis rubricollis is

a prime example of a resident beach-nesting

shorebird that has declined and is now of

conservation concern. Introduced predators,

physical disturbance from pedestrian traffic,

domestic animals and, in some states, off-road

vehicles are regarded as being particularly se-

rious threats to the species breeding success

and survival (Emison et al 1987; Buick and

Paton 1989; Marchant and Higgins 1993; We-

ston 2001). The south-eastern population of

the Hooded Plover is classified as Vulnerable

(Garnett and Crowley 2000). In Victoria, it also

is classified as Vulnerable’ as well as being listed

under Schedule 2 of the Flora and Fauna Guar-

antee Act 1988. It is believed that the Victorian

population consists of 400-500 birds (Emison

et al 1987; Murlis 1989; DSE 2003; Birds Aus-

tralia unpubl. data).

Annual surveys for the Hooded Plover are con-

ducted along the Victorian coast by Birds Aus-

tralia during November. However, these surveys

tend to be focused only on the Hooded Plover,

and estimates of densities of other coastal birds,

with the exception of Oystercatchers Haemato-

pus spp, are generally not recorded. This study

contributes to current knowledge of the distri-

bution and densities of coastal birds, including

the threatened Hooded Plover, by reporting the

results of a survey along a semi-remote stretch

of coastline. Such surveys are valuable in terms

of providing baseline data that can be used to

monitor population trends through time or

in response to specific threats or management
actions. They also provide valuable inventory

information that can be used to guide manage-
ment of the coastline and feed into manage-

ment databases such as the Oil Spill Response

Atlas (Ehmke and Weston 2006).

Methods
Study site

Coastal birds were surveyed along an 18 km
transect commencing just east of Kilcunda

(145°28’56”E, 38°33T9”S) and ending at Cape
Patterson (145°36’26”E, 38‘^40’40”S). The 18 km
of surveyed coastline from Kilcunda to Cape
Patterson lies within the Kilcunda-Harmer’s

Haven Coastal Reserve, which is managed by
Parks Victoria. This linear reserve consists of

the foreshore and is backed by tall, vegetated

sand dunes that abut cleared agricultural land
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on their landward margin. The width of the

coastal vegetation varies from little more than

100 m in places to nearly two kilometres where
the reserve joins the Wonthaggi Heathlands

Nature Conservation Reserve.

The coastline consists of high energy ocean
beaches of which approximately 4.5 Im (25%)
are fronted by rock platforms that are exposed
during low tide. Major features along this stretch

of coastline include the mouth of the Rowlett

River, the small coastal township of Harmer s

Haven and a large rocky promontory, which is

exposed at low tide, at Cape Patterson. There

are 12 formal access points along this stretch of

coastline; most consist of rough unsealed roads

and have no facilities. The construction of a wa-

ter desalination plant has been proposed along

this stretch of coastline at Williamson’s Beach,

and a wind farm has been recently constructed

behind the coastal dunes approximately 3 km
south of the Rowlett River mouth.

Survey

The survey was conducted on 30 December
2007 between 0800 and 1400 hours. Weather

conditions remained fine and sunny through-

out the survey. There was a light breeze and
temperatures were between 30-35"C. Three

observers walked the transect as a group and
were spaced between the water’s edge and the

fore dunes. This method has been used success-

fully in the past and it ensures that shorebirds

at all levels of the beach are likely to be detected

(Antos 2003). The dune systems were not sur-

veyed. Coastal bird species were recorded only

if they were using the beach or rock platforms

for foraging, roosting or moving short distanc-

es from place to place. Birds that were sighted

well offshore or flying high above were exclud-

ed. Measures of density have been expressed as

individuals per km for each species.

Results

Eleven species of coastal birds were recorded

along the transect (Table 1). The most com-

monly encountered species was the Silver Gull

Lams novaehollandiae, while some of the less

common species included the Little Black Cor-

morant Phalacrocorax sulcirostris. Little Pied

Cormorant P. melanoleucos and Masked Lap-

wing Vanellus miles.

Most species were recorded throughout the

length of the transect with the exception of

the flock of approximately 120 Crested Terns

Sterna bergii, which were roosting on a large

rocky promontory at Cape Patterson that had
been exposed by the falling tide. This site may
be an important local roost for this species. All

of the cormorant species, as well as the White-

faced Heron Egretta novaehollandiae, Austral-

ian White Ibis Threskiornis molucca and Sooty

Oystercatcher Haematopusfuliginosus were ob-

served only along parts of the coast that were

fronted by rocky platforms.

The threatened Hooded Plover was recorded

all along the coast, with a count of 16 birds

and an estimated density of 0.89 birds per km
(Table 1). With the exception of one juvenile,

all birds seen were adults. Two pairs of birds,

including the pair with the juvenile bird, were

foraging while the remainder were roosting on
the upper section of the beach above the mean
high water mark. The pair with the juvenile was
foraging on a rocky platform that had been ex-

posed by the receding tide.

Discussion

The surveyed stretch of coastline provided

roosting and foraging habitat for a wide vari-

ety of coastal birds. Importantly, it supported

several pairs of the threatened Hooded Plover

and evidence of recent breeding was observed,

based on the presence of a juvenile bird that

was associating with a pair of adults.

The density of Hooded Plovers recorded along

this stretch of coastline compared favourably

with counts from other sections of coastline

on mainland south-eastern Australia. Over-

all densities along the coast of Victoria, based

on counts conducted on ocean beaches during

November, are in the range of 0.5-0.6 birds/km

(Weston 1993; 1995). In South Australia, an

overall density of 0.46 birds/km was recorded,

based on counts of 699 km of coastline during

November (Natt and Weston 1995). Hooded
Plover densities tend to be higher in Tasmania,

ranging from 1.4 up to 6.6 birds/km (Schulz

and Kristensen 1994; Bryant 2002).

Hooded Plovers have been counted along

this stretch of coastline during November by

Birds Australia volunteers for approximately

25 years. These counts have recorded densities

as high as 1.44-1.83 birds/km (Birds Australia

unpubl. data). The lower counts obtained by

this study may be due partly to the fact that

it was conducted well into the holiday season

and on a Sunday, during fine weather when the

beaches were experiencing their highest levels
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Table 1. Birds recorded along an 18 km coastal transect from Kilcunda to Cape Patterson, Victoria.

Species Number Birds/km

Great Cormorant Phalacrocorax carbo 10 0.56

Little Black Cormorant Phalacrocorax sulcirostris 3 0.17

Little Pied Cormorant Phalacrocorax melanoleucos 4 0.22

White-faced Heron Egretta novaehollandiae 6 0.33

Australian White Ibis Jhreskiornis molucca 18 1.0

Sooty Oystercatcher Haematopusfuliginosus 6 0.33

Hooded Plover Thinornis rubricollis 16 0.89

Masked Lapwing Vanellus miles 2 0.11

Pacific Gull Larus pacificus 14 0.78

Silver Gull Larus novaehollandiae 144 8.0

Crested Tern Sterna bergii 120 (approx) na

of use. Given that the transect was surveyed at

the height of the breeding season, there is also

a likelihood that birds may have been attend-

ing nests in the fore dunes, which were not

surveyed. Birds also may have been foraging on
the rock platforms, which were uncovered by

low tide, where they are much more difficult to

detect than on the beach. It is likely that higher

counts would be obtained if the survey was
conducted during autumn/winter when birds

form flocks and group sizes are larger (Heislers

and Weston 1993) and if the fore dune habitat

was searched thoroughly.

Surprisingly, apart from the Hooded Plover,

only three of the species recorded can be re-

garded as true coastal habitat specialists (Sooty

Oystercatcher, Pacific Gull Larus pacificus,

Crested Tern). All of the other species also are

found frequently inland (Barrett et al. 2003).

The relatively low numbers of Sooty Oys-

tercatchers may be due to the fact that their

preferred habitat of rock platforms and rocky

headlands (Marchant and Higgins 1993) was

not well represented along this stretch of coast

(25% of the transect had sub-tidal rocky plat-

forms). Nevertheless, the count of 0.33 birds/

km falls within the range of averages obtained

by annual counts (0.12-0.52 birds/km) for the

coastline between San Remo and Darby Beach

(Weston et al. 1995). The high numbers of Pa-

cific Gulls recorded are probably indicative of

the close proximity of the islands off Wilsons

Promontory, which are the major breeding site

in Victoria for this species (LCC 1993). The
Crested Tern was observed at only one site, the

rocky promontory off Cape Patterson. Given

that well over 100 birds were observed roosting

here, this might be an important local roosting

site.

Surprisingly, a number of species was absent

during the survey, including the Pied Oyster-

catcher Haematopus longirostris, Sanderling

Calidris alba, Red-necked Stint Calidris rufical-

lis and Red-capped Plover Charadrius ruficapil-

lus, despite the presence of suitable habitat. This

probably reflects the snapshot nature of the

survey.

One ofthe greatest threats facing coastal birds,

especially resident beach-nesting species, is the

impact of human disturbance (e.g. Buick and
Paton 1989; Dowling and Weston 1999; Weston
and Elgar 2005; 2007). The coastline surveyed

currently has 12 access points; however, only a

few of these (e.g. near Kilcunda, Harmers Ha-
ven and Cape Patterson) have fully developed

facilities and host large numbers of visitors. All

other access points are located at the ends of

unsealed roads and lack facilities. Nevertheless,

people and unrestrained dogs were observed at

all but one of the access points. Activities most
frequently conducted were fishing and general

sightseeing. Illegal camping in the fore dunes
also was observed at one location.

It is likely that recreational use of the coast will

continue to increase. The coastline surveyed
also has been earmarked for the development
of a water desalination plant. It is hoped that

this survey will provide a useful benchmark to

land managers and researchers against which
coastal bird densities can be compared in future

in response to changing patterns of recreational

use, management activities and infrastructure

development. It has been demonstrated that,

through careful management, populations of
beach-nesting birds can be maintained in areas

that experience high levels of recreational use
(Dowling and Weston 1999). A range of strat-

egies is currently being trialled by Birds Aus-
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tralia with assistance from the Australian Gov-
ernments Natural Heritage Trust to ensure that

beach nesting bird numbers are maintained in

the future (O’Connor and Weston 2007).
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Naturalist Notes

Night movement in diurnal skinks

Lampropholis delicata and Saproscincus mus-

telina are small diurnal skinks that are com-
mon in urbanised parts of south-east Australia

(Hoser 1989). To date, nocturnal movement in

these reptiles has never been recorded.

At 9 p.m. on Thursday 17 April 2003,
1
parked

a car in the garage of the residence at 105 Jen-

kins Road, Carlingford (a Sydney suburb). In

order to enter the garage, a roller-door had to be

opened manually, and shut again afterwards.

At 7 a.m. the following day the procedure was

repeated, when the car was moved out of the ga-

rage. At this time, as the door was opened five

Saproscincus mustelina and two Lampropholis

delicata were exposed. All of them were resting

directly under the narrow lip of the door and

were positioned more-or-less in line.

Both species are common in the area but since

the lizards had been absent on the previous

evening, it was inferred that they had moved
into this position during the intervening night

hours. During that period there had been heavy

rain in the area. It is believed, therefore, that the

lizards had been literally washed out of their

resting areas and sought refuge in the nearest

area not at risk of flooding.

Immediately adjacent to the garage door is a

concreted driveway and paths. Some distance

from these there are gardens that provide po-

tential night resting spots (cover) for the liz-

ards. The general area is well elevated and the

garden is sloping with numerous rises and dips

created by rock gardens, pots and the like.

It is assumed, therefore, that the lizards didn’t

just move to higher ground to avoid rising

floodwaters, but instead actually travelled some
distance in search of a more suitable resting

spot.

While this doesn’t show that the two species

are nocturnal, it does indicate that under ex-

ceptional circumstances, including something

such as heavy rain, nocturnal activity by diur-

nal species may occur and, depending on cli-

matic extremes, may occur more often than the

published literature indicates.

In the 1970s and 1980s I kept Lace Monitors

Varanus varius and blue-tongues Tiliqua spp.

in large outdoor ‘pits’. These reptiles were ob-

served to be active at night during and follow-

ing heavy rain, searching for alternative hiding

spots. At the time, this activity was thought to

be a manifestation of the captive situation.

The case documented above involving the

Saproscincus mustelina and Lampropholis deli-

cata indicates that my original conclusion may
not have been entirely correct. Put differently,

the same nocturnal activity may also occur in

non-captive monitors and large skinks.

Raymond Hoser
488 Park Road,

Park Orchards, Victoria 31 14

Lampropholis delicata. Photo by Raymond Hoser.
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Book Reviews

The Field Guide to the Birds of Australia:

the definitive work on bird identification

by Graham Pizzey and Frank Knight

edited by Peter Menkhorst

Publisher: HarperCollins Pty Ltd, Pymble NSW, 2007 8th edition. 592 pages, paperback;

colour photographs. ISBN 9780207199356. RRP $45.00.

rUUY «tVtSCD TO (NCtUDE 46 NEW SKClCS

Graham Pizzey & Frank Knight

This amazingly detailed edition of Pizzey and
Knights Field Guide to the Birds ofAustralia is

a testament to the authors understanding and
love ofbirds. First published in 1980, this eighth

edition includes 46 new species, providing

detailed information and illustrations on a

total of 826 bird species found throughout
Australia and the islands of its continental

shelf and seas. It includes recent name changes
and new information on species distribution,

made available since the seventh edition in

2003. As well, a new, quick, visual reference

guide to the bird groups is now at the front

of the book, making navigation of the guide
somewhat easier.

The pages preceding the field guide are of
particular interest to the amateur bird watcher.

Details here include notes on correct binocular

use, the best way to approach birds in the

field, and note taking tips, including what to

look for when observing the features of a bird.

These pages also detail the importance of bird

behaviour, habit and voice to identification.

In addition, the technical names used to

describe features used for easy identification,

‘field markings’ are explained well. These
markings are not only important when it

comes to identifying a species of bird, but have

essential functions, including signalling alarm
and indicating a bird’s age, sex and breeding

readiness to other birds.

The field guide that follows these informative

pages is outstanding. The overall layout is not

over crowded as some field guides tend to be,

and yet the information given for each bird

is more detailed. A description of the colours

and markings is given for every species, and
a separate description is given when males,

females or immature birds appear differently.

The habitat, voice, breeding time, eggs, nest,

distinctive behaviour and the range and status of

the birds are all described clearly for each bird.

The Field Guide to the

Birds of
Australia

The most distinguishing features of each species

are italicised also, for ease of identification.

Of course, it is the accompanying illustrations

that one will first notice about this book. They
are superb. Even just to look through on a rainy

day, these illustrations are a pleasure, yet their

real application comes when using the book in

the field. The colours and identifying marks
displayed in these images make identification

of new birds a much easier task due to their

simple accuracy. These illustrations are the

stand-out feature of the field guide and will

keep you flicking through the pages and
learning new species for much longer than you
first expect.

Pizzey and Knight’s field guide will continue

to play a major role in the further appreciation

and love of birds for current bird enthusiasts,

and is bound to inspire new ‘birdos’ of all ages

in the process.

Emma Carlos
School of Life and Environmental Sciences

Deakin University, 221 Burwood Highway
Burwood, Victoria 3125
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Book Reviews

Tawny Frogmouth

by Gisela Kaplan

Publisher: CSIRO Publishing, Collingwood,

2007. 168 pages, paperback; colour illustrations;

ISBN 9780643092396. RRP $39.95

When presented with this book I first admired

the beautiful front cover photograph, then set

myself to reading and enjoying its content.

Several hours later I completed the read and

sat thinking. I asked myself if had I been enter-

tained, had I picked up new knowledge about

the Tawny Frogmouth, or had I been merely

delivered rehashed information? I have sum-

marised my feelings and point out a few obvi-

ous errors.

This well referenced work is divided into eight

chapters, with coloured and black and white

illustrations, all dealing with different aspects

of the species life. I was disturbed by the usual

editorial decision to give vernacular names a

lower case, something I have argued and will

continue to argue against. Despite that, I must

admit that I found answers or at least responses

to the several questions I put to myself.

Throughout the text I looked to see from

where the knowledge originated. I was gratified

to see that much of it stemmed from personal

experience, well supported by previously-pub-

lished literature (always good to see). Problems

were identified on several occasions. Still, an

escape clause was included in the preamble: d

want to be cautious about generalising my re-

sults to all tawny frogmouths in Australia. As

the reading progressed it was plain that the

knowledge presented is based on a single geo-

graphic area. How much more could have been

added if other populations were studied in such

detail?

Many facts are presented relating to the biol-

ogy of this remarkable but common bird. Much
has been previously mentioned in scattered

published references but, more importantly,

many facts are new and therefore of interest. As

a professional ornithologist I found each chap-

ter interesting, to say the least, despite some er-

TAWNY
FROGMOUTH

rors. Many of these errors can be identified as

misinterpretation of information. Other prob-

lems relate to the large amount of recently pub-

lished information, based on DNA studies that

has not been referred to.

1 was surprised to see that one Tact’ I was

taught in my youth failed to get a mention:

frogmouths normally sit with their back to the

sun and as the day progresses the bird slowly

turns to accommodate this. Now I am worried;

is this true or not? I can see I will be spending

time confirming this behavioural activity.

Many of the errors can be attributed to edi-

torial slips, e.g. ‘heckles’ rather than ‘hackles’,

the few tautologies that have slipped in, and
the old ‘poisonous’ versus ‘venomous’ spiders.

Errors attributable to the author include the

generic name Podargus implied as being Latin

for gouty old man’. That translation may be true

for Latin but for this bird the name is from the

Greek pous (podos) ‘foot’ and argos, ‘slow’. Re-

turning to the feet later, the author mentions

‘weak feet’ and incorrectly interprets their use
- a frogmouth’s feet are not talons.

Despite the obvious and inevitable errors, I

found the reading time well spent; to me the

book’s content was more than satisfactory. I

would certainly make this recommended read-

ing as it tells us a tremendous amount about
one of our most alluring local birds.

Wayne Longmore
Museum X^ictoria

GPO Box 666
Melbourne, Victoria 3001
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If Trees Could Speak: Stories of Australia’s Greatest Trees

by Bob Beale

Publisher: Allen & Unwin, Crows Nest, 2007. 245 pages, colour photographs;

paperback; ISBN 9781741142761. RRP $39.95

In spite of the references to trees in the title,

this book is somewhat different from the usual

types of natural history book reviewed in The

Victorian Naturalist.

In fact, much of the book is not about trees.

As the main title suggests, it is an assemblage

of nearly 50 brief factual stories within nine

themes, covering a range of facets of Australias

history and culture. Generally, the trees are

seen as silent, but nonetheless important, wit-

nesses to over two centuries of events.

The stories are drawn from Aboriginal and

European cultures; the trees featured are both

native and introduced. For example, under

‘Trees with spirit’, we have The Canoe Tree,

The Prison Tree, The Fairy Tree and others.

‘Proclamation, Separation, Federation includes

The Federation Oak and The Separation Tree.

There are ‘Trees with vision, such as The Cazneaux

Tree, Namatjiras trees, and so on. Politics,

conflicts, the arts, memorials, notable person-

alities are all represented. It is not until the last

third of the book that the focus falls on the trees

themselves, with sections covering the oldest

trees, the biggest trees and ‘other great Austral-

ian trees, past and present’.

I was interested to know more about the

author, Bob Beale, but the only mention I could

find in the book was ‘Faculty of Science, Uni-

versity of NSW’ (the website indicates he is

Public Affairs Manager) . He writes with obvious

feeling, not only for the trees which he clearly

respects, and in which he often sees symbolism,

but also for the country’s human history and

current attitudes. Understandably, he laments

the loss ofsome significant arboreal landmarks,

especially when such loss is the result of in-

competent management by authorities (as, for

example, ‘El Grande’, the giant Mountain Ash

in Tasmania). On the other hand, he niarvels

that we still have ‘The Bennelong Twins two

Forest Red Gums {Eucalyptus tereticornis) near

the Sydney Opera House—which somehow

have survived since before The First Fleet.

The book covers such a wide spectrum of the

country’s history that it is impossible here to

do justice to the diversity of its accounts. The

‘stories’ range in length from a few paragraphs

to about 1
1

pages. All are very readable and

full of intriguing information and touches of

humour, though not without the author’s own

perspectives and opinions. As far as I could tell,

the information and accounts are historically

accurate.

In addition to the ‘stories’, there are several

pages focusing on specific subjects, such as the

sculptor Ola Cohn who carved The Fairy Tree,

botanist Doug Benson, and Mountain Ash.

The photographs deserve special mention.

Most are by the author, and are atmospheric

and evocative as well as descriptive. The overall

design of the book is pleasingly uncluttered and

attractive.

Bob Beale writes colourfully and engagingly,

whilst also being thought provoking. This is a

book which can be enjoyed by anyone. I certainly

recommend it.

Leon Costermans
1/6 St Johns Ave

Frankston, Victoria 3199
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Voyages to the South Seas:

In search of Terres Australes

by Danielle Clode

Publisher: The Miegunyah Press/State Library

of Victoria, 2007. 25 + 315 pages, hardback;

ISBN 0522852645. RRP $26.95

It is sometimes suggested that Australia could

have become a French colony, given the extent

of activity by French navigators around our

coast, in the late 18th and early 19th centuries.

Danielle Clodes excellent recounting of the nu-

merous French expeditions in search of Terres

Australes makes it clear, however, that their in-

terests were far from being colonial. Although

numerous coastal landmarks now reflect the

passing of these French expeditions, there are

no remains of French settlements. What led

the French to this part of the world was not a

desire to establish outposts, but a driving zeal

to increase knowledge and understanding

in a range of burgeoning scientific fields. The

French sought to possess not the country itself,

but rather the diverse and previously unrecord-

ed detail that this great south land presented.

The book is organised around four sections,

each dealing with a phase of French exploration

in the Australia/South Pacific area. These sec-

tions are arranged in chronological order, and,

in each of them, a collection of stories is told

from the perspective of actual participants or

their contemporaries. Thus, in the first section,

'Looking for Laperouse: d’Entrecasteaux (1791-

1794)’ the narration is carried by (in order)

Louis XVI, Jacques-Julien Labillardiere, Bruni

d’Entrecasteaux, E-P-E de Rossel, an unnamed
sailor and Joseph Banks. Successive sections

focus on ‘Picking up shells and catching but-

terflies: Baudin (1801-1804)’; ‘In the footsteps

of others: Freycinet (1817), Duperrey (1822-

1824) and Bougainville (1824-1825)’; and ‘The

last great continent: Dumont d’Urville (1826-

1829 and 1837-1840)’.

This book is a veritable who’s who of scien-

tific and exploratory expeditioners of the time.

Many of the names encountered in the narra-

I.

tives, of either central players or individuals

mentioned in passing, will be known to read-

ers with an interest in the history of natural

sciences, particularly botany. Names such as

‘Labillardiere’ and ‘Banks’ now feature largely

in the lexicon of Australian botanists; some of

the circumstances of how these connections

originated are indicated in this volume.

The book is well illustrated, with black and
white engravings of each ‘narrator’ and 32

coloured plates grouped through the volume.

These latter images are all drawn from the orig-

inal published accounts of the voyages, giving

them a particular relevance to the text.

My only criticism of this book is the lack of

an index. This is a serious deficiency, given the

amount of information contained in the book,
and makes it difficult, if not impossible, for a

reader to easily pick up the numerous connec-
tions that exist between the major players in

these fascinating episodes in the early history

of scientific study in Australia.

Gary Presland
History and Philosophy of Science

The University of Melbourne
Victoria 3010
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